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(57) Abstract 

A radio frequency generator for as electrostirg^ system is provided, ibe system inctudlng an electnxle assembly having two 
electrodes for Qse bmnersed in an electikaDy conductive 

ftequency output power by at least 50 % within at roost a few cydes of &» peak radio fieqoeocy. ou^ voltage reaching a predetomtned 
dircsbotd limit In Uds way, tissue coagolatloo can be perfofrocd in, for example, saline witbom sigmficant steam generation. The same 
peak voltage limst^ion ledmiqne is used in a tissue vaponsatioo or catting mode to limit the size of the steam podbet at the electrodes 
and Co avoid electrode burning. The generator has a porii-pdl output stage wtib a scries-resooant output dTcoit. ds output stage being 
driven a radio frequency osctUator at a frequency whidi. fai general, differs firom die resonant frequpicy of die resooattt output circuit 
Power control is achieved by varyfatg die OH-thne switching Uai uislo i s focmbig die pusb-inll output pair and by altering die frequency 
spacing between die firrttBtfnn frequency and the resonant frequency of the series-iesonam output drcntt In an alternative embafiment. a 
bridge configoratkn using two podik-pidl pain is used, yieldbig a furdtcr power control vartabte: die lelatrve phase of the driving signals 
to the respective tr ansi stor pairs. 
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ELECmOSURGICAL GENERATOR AND SYSTEM FOR UNDERWAIER OPERATION 

This invention relates to an elediosiirgical generator for delivering electrosurgical 
energy paiticulariy but not exclusively in so-called imderwater electrosurgery. The 
invention also relates to an electrosurgical system coni|msing the combination of a 
generator and an electrode assembly. 

The term "underwater electrosurgery** is used in this specification to denote surgery 
performed using an electrosurgical instrument with a treatment electrode or electrodes 
immosed in liquid at the operation site, generally liquid introduced to distend a body 
cavity containing the operation site or to wash blood away firom the site. Alternatively, 
surgery may be performed with the electrode or electrodes immersed in naturally 
occurring body fluids. The invention has particular s^lication in the fields of 
urology, hysteroscopy and arthroscopy. It should be understood, however, that the 
invention includes features vMch may have application also in electrosurgery not 
involving electrode immersion. 

The background to underwater electrosurgery and intracavitary surgery, i.e. surgery m 
vMch living tissue is treated by least invasive surgical access to a body cavity, is 
described in our co-pending European Patent AppUcation No. 96304558.8 (0754437), 
tl» contents of which are incorporated in this spedficaticm by reference. 

Effective electrosurgical treatment of tissue wdiich is totally inmiersed in liquid at the 
application site is difficult to achieve because the heat generated by the flow of 
electrical currents m both die tissue being treated and surroundmg oondu^ 
tends to cause boiling of the liquid. The operating electrode is intermittently 
surrounded by water vapour rather than liquid, with consequent large variations in the 
electrical impedance of the load presented to the generator supplying flie 
electrosurgical power to the electrode. Whilst this variation is mitigated by use of a 
non-conductive liquid, it cazmot be eliminated entirety due to the release of body fluids 
at the operative site v/bidi elevates the electrical conductance of the liquid. Changes in 
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tissue type also alter the load impedance. These effects result in difficulty in 
controlling the electrosurgical output to produce consistent effects on the tissue being 
treated As a result, high poweis are commonly employed to overcome this 
perTonnance variation. 

According to a first aspect of this invention, an electrosurgical generator for supplying 
radio frequency power to an electrical instrument comprises a radio frequency output 
stage having at least a pair of electrosurgical output lines for the deUvcn^ 
frequency power to the mstrument, a power supply coxspled to the output stage for 
supplying power to the oulput stage, and control circuitry including sensing means for 
deriving a sensing signal representative of the radio frequency peak output vo^^^ 
developed across the output lines, wherein the output stage comprises a series- 
resonant output circuit coupled to the ou^ lines and a switching means coupled to 
the resonant ou^ut circuit, and wherein the control circuitry is operable to vary the 
15 switching intervals ofthe switching device to reduce the defive^ 

power in response to a prcdctennined condition ofthe sensing signal Inapreferred 
embodiment ofthe mvention, the series-resonant output circuit conqjrises the scries 
combination of an inductance and a c^)acitance, and is coupled to the switching means 
such that a switched radio frequency output waveform is developed across the series 
20 combination, the output lines ofthe generator being coupled to the series-r^^ 

cucuit to receive the radio frequency voltage developed across the inductance or the 
capacitance, preferably the inductance. The series combination may be coiq)led 
between the switching means and a ground connection or one of a pair of supply rails 
of the powCT siqjply means, one of the output lines of the genrator being coupled to a 
junction between the inductance and the cqwdtancc, and the other being preferably 
connected to the said ground connection or one ofthe said siqqply rails. Wiih flie 
capacitance connected to the switching means and the inductance connected to the 
ground connection or supply rail, the ouQmt Ime is preferably connected to the junction 
ofthe inductance and c^itancc by a coiq)ling cqjadtancc yMoh is of smaller value 
tiian the cq)acitancc of the series resonant combination. Alternatively, flie switching 
means may comprise semiconductor switches connected in a bridge configuration, the 
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series combination being coupled between oppositely phased nodes of the switching 
means. 

In order to achieve rapid power reduction when, for example, liquid in the region of 
electrodes connected to the g«erator vaporises, the switching means and control 
circuitry are so arranged that the on-time of the switching means can be reduced to the 
extent of causing at least a 50% reduction in delivered output power within lOO^is of a 
predetermined radio frequency peak output voltage threshold having been readied. 
(The term ^'peak output voltage^ m this context mchides voltages measured on a peak* 
to-peak basis). In other words, the generator is re^nsive to a sensing signal 
representing peak or peak-to-peak output voltage leveb. The switching means may 
comprise a pair of electronic switches connected in a push-pull series arrangement 
between the power supply rails, with the seriesHresonant output circuit cdi^^ 
connection between the electronic switdies. Thus, to reduce the output power, the on- 
time of each switch, which is typically a power MOSFET, is reduced during respective 
radio frequency half cycles to cause the required power reductioiL 

By causing a control overshoot in the sense of reducing the ou^ut power by a greater 
amount than the increase needed to produce v^wrisation, vi^ur bubbles are allowed 
to collapse. This allows surgery to be performed in a conductive fluid field, in 
particular in a saline solution. Large and r^id changes in load impedance can occur 
substantially without causing unwanted electrosurgical effects. For example, when it 
is desired to produce electrosurgical desiccation, any increase in impedance due to 
vaporisation of surrounding saline in the region of an electrode of the instrument 
v^di might otherwise lead to unwanted ardng at the required pown levd for 
effective desiccation can be largely prevented. Whm electrosurgical tissue cutting or 
tissue vq)orisation is required, output voltage limitation can be used to prevent 
electrode burning and/or excessive tissue vaporisation. 

To avoid overloading of semiconductor power devices used in the switching means, 
the switching means are preferably driven by an oscillator cpasSing at a ftequ^cy 



wo 98/27880 



PCr/GB97/03469 



4 

different fix)m the resomint frequency of the series-resoi^ By 
operating the oscillator at an exdtation frequency higher than the resonant firequency 
of the series resonant output circuit, the available power at comparatively high 
impedances associated with cutting or vaporisation'can be increased, while operating 
the oscillator so as to excite the resonant circuit at a frequency lower than its resonant 
frequency is more suited to electrosurgical desiccation which involves comparatively 
low load impedances. 

The control circuitry referred to above is preferably arranged such that at least a 50% 
reduction in ou^ut power is brought about in a period of less than 20^s after the 
output voltage reaches the predetermined sensing signal threshold by reducing the 
period of conduction of the electronic switches during individual cycles of the radio 
frequency ou^ signal. Sudi alteration in the period of conduction is advantageously 
achieved independently of any variation in supply voltage. In i^actice, the reduction in 
ou^ut power is brought about using a sii^e control variable, Le. the peak output 
voltage or peak-to-peak ou^ut voltage independently of siq>ply vohagc and 
uidependcntly of die delivered output pow» which, of course, varies according to load 
impedance and siqiply vohage. Thus, triggering of a power reduction occurs at the 
same preset ou^ voltage threshold but at di£G»ent output power and load unpedance 
values, according to circumstances. 

The technique of directly controlling the radio frequency output stage can be 
performed by repeatedly producing, firstly, a rapid reduction in the cycle-by-cycle 
conduction period of the power device from a peak level to a trough level \^en the 
output threshold is readied, followed by, secondly, a progressive increase in the 
conduction period until the ccmduction poriod again reaches its peak level, the radio 
frequency output voltage being monitored during the progressive increase. 

The output stage preferably includes an output resonant circuit having a Q which is 
suffrdently high to remove switching noise from &e switdiing device or devices of the 
stage without unduly slowing the response to the output voltage reaching the 
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piedetermined threshold. Typically, the Q is at least 1 and is also sufficient to achieve 
a crest factor below 1 .5, the crest factor being the ratio of the peak and rjTLS. values of 
the output voltage waveform. 

Other aspects of the invention include a generator for underwater electrosurgery 
having an ou^ut inq>edance in the range of from 100 ohms to 2S0 ohmsy and 
preferably between 130 and 190 ohms. Such a generator has its radio firequency output 
stage operable to inroducc a CW (continuous wave) output, Le. with a 100% duty cycle 
or without on/off pulse width modulation at a firequency lower than the r.f. oscillation 
firequ«(K:y. In effect, the output stage may operate as an open loop stage. 

According to a second aspect of the invention, there is provided an eiectrosurgical 
system including a generator for generating radio frequency power and an 
eiectrosurgical instrument having at least one electrode for use immersed in a 
conductive liquid, wherein the generator coQq)rises an output stage including at least 
one radio firequency power devicie, a series-resonant output circuit, and at least apair of 
output connections arranged to receive radio frequency power firom the power device, 
one of the pair of conrtections being connected to the said electrode, and v^erein the 
generator frirther comprises a control stage operable to reduce the conduction time of 
the power device during individual radio firequency cycles in refuse to a sensing 
signal rqiresNitative of the voltage presooted to the generator across the output 
cormections exceeding a predetermined sensing signal threshold value, whmby the 
radio frequency power delivered to the electrode structure is rapidly redticed wh» the 
conductive liquid is v^xnised. The clectn)de structure iiiay iiK^lude a distal treatmmt 
electrode aiul a liquid contact electrode spaced proximally from the distal electrode, 
both electrodes being for use surrounded by the conductive liquid and each being 
connected to a respective one of the pair of ou^nit cormections the control stage being 
operable to reduce the reduction time of the power device vAmi the conductive liquid 
at the distal electrode is vaporised. The eiectrosurgical instrument may provide an 
electrode structure having juxtaposed first and second electrodes for irmnersion in the 
conductive liquid, Ac ifirst and second electrodes reqjectively forming a tissue contact 
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eliectrode at an extreme distal end of the instniment and a return electrode proximally 
spaced fix)m the tissue contact electrode. 

The system may be switchable between at least a tissue desiccation mode and a tissue 
cutting or vaporisation mode using a mode selection control. In this case die control 
stage is operable automatically to adjust the radio iGrequency pow^ suppled to the 
electiDde structure to limit the peak generator ou^ut voltage to a first value when the 
desiccation mode is selected and to at least one second value when the cutting or 
vaporisation mode is sdected, the secoiui value or values being Ugh^r than the . 
value. The first and second values are advantageously in the ranges of fiom 150V to 
200V, and firom 250V to 600V respectively, these voltages being peak voltages. 

The mode selection control may be co\q>led to the generator oscillator driving the 
power device so that, in the tissue desiccation mode, the oscillation firequency of tfie 
oscillator is lower than the resonant firequaicy of the series-resonant oxApvsi circuit, yet 
in the tissue cutting or vaporisation mode is higher than that resonant firequency for 
improved output power at comparatively low and comparatively high unpedances 
respectively, as mentioned above. 

According to a third aspect of the invention, there is jmvided an electrosurgical 
generator for supplying radio fiequocy power to an electrosurgical instrument, the 
generator comprising a radio firequency output stage havii^ at least a pair of 
electrosurgical output coimections for the delivery of radio firequency power to the 
mstrument, a radio firequency oscillator for feedmg aradio firequency signal to the 
ou^ut stage, and control circuitry including sensing means for deri vti^ a sensing 
signal representative of the radio fiequency signal delivered fipm the output 
coimections, wherein the ou^ut stage comprises a series-resonant output circuit 
coupled to the output connections, the resonant firequency of the series-resonant output 
circuit being different fiom the operation fiequency of the oscillator, and wherein the 
control circuitry provides a feedback signal for controlling the delivered radio 
frequency power. 
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The inventioii will now be described bjr way of example with reference to the drawings 
inwhich:- 

Figurc 1 is a diagram slKJwing an electrosurgicalsystein in accordance with the 
invention; 

Figure 2 is a fragmentary view of a first electrode assembly for tissue desiccation, 
shown in use and immersed in a conductive liquid; 

Figure 3 is a load charactoistic graph illustrating the variation in load impedance 
produced by an electrode assembly such as that shown in Figure 2 when used in a 
conductive liquid, according to the delivered ou^ut power; 

Figure 4 is a fragmentary view of a second electrode assemUy for tissue vaporisation, 
shown in use immersed in a liquid; 

Figure 5 is a combined circuit and block diagram of a generator in accordance with the 
invention; 

Figure 6 is a waveform diagram; 

Figure 7 is a blodc diagram of part of the omtrol circuity of the generator of Figure 5; 

Figure 8 is a power v. load impedance gr^h relating to the generator vdien operating 
in a desiccation mode; 

Figure 9 is a siinilar gn^h sqyplicable to a tissiie cutting or v^risation mode; and 

Figure 10 is a combined circuit and block diagram of an alternative generator in 
accordance with the inventioiu 
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The preferred embodimait of the present invention is intended to form bipolar 
electrosurgcry with electrodes inunerscd in a conductive liquid medium such as 
normal saline. Electrosurgay is performed using a system comprising a generator and 
an instrument, the instrument having a dual^lectrode structure with the saline acting 
as a conductor between the tissue being treated and one of the electrodes, hereinafter 
caUed the "return electrode". The other electrode is appUed directly to the tissue. This 
othar electrode is hereinafter called the "active electrode". 

Such a system is shown in Figure h The generator 10 has an ou^ut socket lOS 
providing a radio frequency (RF) output for an instrument in the form of a handpiece 
1 2 via a connection cord 14. Activation of die generator may be performed from the 
handpiece 1 2 via a control connection in cord 14 or by means of a footswitch unit 16, 
as shown, connected separately to the rear of the generator 10 by a footswitch 
connection cord 18. In ibc illustrated embodiment, footswitch unit 16 has two 
footswitches 16A and 16B for selecting a desiccation mode and a vaporisation mode of 
the generator respectively. The gcnwator front panel has push buttons 20 and 22 for 
respectively setting desiccation and vaporisation power levels, vMch are mdicatcd in a 
display 24. Push buttons 26 are provided as an alternative means for selection between 
desiccadon and vaporisation modes. 

Handpiece 12 mounts a detachable electrode assembly 28 having a dual electrode 
structure, as shown in the fragmentary view of Figure 2. 

Figure 2 is an enlarged view of the distal end of electrode assembly 28. At its extreme 
distal end the assembly has an active electrode 30 which, in this embodiment, is 
formed as a scries of metal filamoits connected to a central conductor 32. The 
filaments may be made of stainless steel. Proximally of the active electrode 30 and 
spaced from the latter by a longitudinally and radially extrading insulator 3 4 is a return 
electrode 36. The return electrode 36 is arranged coaxially around the irmer conductor 
32 as a sleeve 38 which extends as a tubular shaft 40 to die proximal end of the 
assembly 28 where it is connected in the handpiece 12 to conductors in the connection 
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cord 14. Similarly, the inner conductor 32 extends to the handpiece and is connected 
to a conductor in cord 14. the electrode assembly 28 has an insulating sheath 42 
which covers shaft 40 and terminates proximatly of the insulator 34 to leave the distal 
end of shaft 40 exposed as the retum electrode 36. 

In operation as a desiccation instrument, the electrode assembly 28 is applied as shown 
in Figure 2 to the tissue 44 to be treated, the operation site being immersed in a normal 
saline (0.9%wAr) solution, here shown as a drop 46 of liquid surrounding the distal end 
portion of the electrode assembly 28. The liquid unmerses both the active electrode 30 
and tfie retum electrode 36. 

Still refinring again to Figure 2, the metallic filaments forming the active electrode 30 
are all electrically cormected together and to the iimer conducto^r 32 of the electrode 
ass^bly to form a unitary active electrode. Insulator 34 is an insulating sleeve, the 
distal end portion of which is exposed proximally of the exposed part of the active 
electrode 30. Typically, this sleeve is made of a ceramic material to resist damage 
from arcing. The return electrode terminates at a point short of the end of the insulator 
36 so that it is both radially and axially spaced from the active, or tissi^ contact, 
electrode 30. The sur&ce area of the retum electrode is considerably greater than tfiat 
of the active electrode 30. At the distal end of the electrode assembly, the diameter of 
the retum electrode is typically in the region of from 1 mm to 3mm, with the 
longitudinal extent of the exposed part of the retum electrode bemg typically betwem 
1mm and Snun wiA the longitudinal q>acing from the active electrode being between 
Inun and SmiXL 

In effect, the electrode assembly b bipolar, whh only one of the electrodes (30) 
actually extending to the distal end of the unit This means that the retum electrode, in 
normal circumstances, remams spared from the tissi^ being treated and a current i^ith 
exists between the two electrodes via die tissue and the corutuctive liquid which is in 
contact with the retum electrode 36. 
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The conductive Uquid 46 may be regarded, as far as the delivery of bipolar 
electrosurgical energy is concerned, as a low impedance extension of the tissue. Radio 
frequency currents produced by the generator 1 0 flow between the active electrode 30 
and the return electrode 36 via the tissue 44 and the immersing conductive liquid 46. 
The particular electrode arrangement shown in Figure 2 is most suitable for tissue 
desiccation. 

The axial as well as radial separation between the electrodes avoids the small spacing 
of thie conventional bipolar arrangement in v/bich both electrodes are tissue-contacting. 
As a result^ there is less danger of unwanted arcing across the insulation surface, which 
allows comparatively high power dissipation for desiccation treatment, and, in the case 
of tissue cutting or vaporisation, prevents excessive arcing which can lead to inter- 
electrode insulation damage. 

The immersing saline solution may be provided from a coixfaut (not shown) forming 
part of the instrument 12. Thus, the invention may take the form of an electrosurgical 
system for the treatment of tissue immersed in a conductive fluid medium, comprising 
an electrosurgical instrument having a handpiece and an instrument shaft, and, on the 
end of the shaft, an electrode assembly, the assembly comprising a tissue contact 
electrode which is exposed at the extreme distal end of the instrument, and a rettmi 
electrode which is electrically msulated from the tissue contact electrode and has a 
fluid contact sur&ce spaced proximally from the exposed part of the tissue cont^t 
electrode, the system frirtiier comprising a radio frequency generator coupled to the 
electrode assembly of the instrument, a reservoir of electrically conductive fluid, such 
as the ru>nnal saline solution, and a conduit, typically and integral part of an 
endoscope, for delivering the liquid from the reservdr to the region of the electrode 
assembly. Pressure for deUvering the liquid may be provided by a pump forming part 
of the apparatus. 

Since in this embodiment of electrode assembly 28, the active electrode 30 is made of 
stainless steel filaments in the form of a brush, the electrode is flexible, providing a 
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reproducible tissue effect ^ch is comparatively mdependent of the application angle 
of the electrode to the tissue sur&ce* The flexibility of the electrode 30 also results in 
a differential contact area of the active electrode dependent on the applied pressure, 
allowing variations in the breadth of desiccation over the surface of the tissue, 
reducing procedure time. 

Desiccation occurs by virtue of radio fiequency ciiirrats passing between the active 
electrode 30 and the conductive liquid 46 via the outor layer of the tissue 44 
immediately beneath and in an area surrounding the active electrode 30. The output 
inqpedance of the generator is set at a level comm^osumte with the load impedance of 
the electrode assembly vAitn used as shown in Figure 2 with both electrodes in contact 
with the conductive liquid 46. In order to sustain this matched state for tissue 
desiccation, the output power of the generator is automatically controlled in a maimer 
which will be described below so that vapour bubbles of significaiu size are 
substentiaily prevented from appealing at the active electrode 30, thereby avoiding a 
consequent increase in load impedance. In this way, the active electrode can be 
continually wetted by the coiuiuctive liquid so tfiat, vAnisX the tissue water is removed 
by thermal desiccation, the inq>edance reaches an upper limit corresponding to the 
point at i?^ch the conductive liquid starts to boil. As a result, the system is able to 
deliver high power levels for desiccation widiout unwanted coiuiuctive liquid 
vaporisation leading to unwanted tissue effects. 

The electrical behaviour of the electrode assmibly when the electrodes 30 and 36 are 
immersed in the conductive liquid 46 is now considered with reference to the graph of 
HgureS. 

When power is first applied, there is presented to the generator an initial load 
impedance r \duch is governed by the geometry of the electrode and the electrical 
conductivity of the conductive liquid. The value ofr changes \^en the active 
electrode touches tfie tissue. The higher the value ofr, the greater is the propensity of 
the conductive liquid to vaporise. As power is dissipated in die tissue and the 
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conductive liquid, the conductive Uqiiid increases in temper^^ Iq the case of 
normal saline, the temperature coefficioit of conductivity is positive and the 
corresponding impedance coefScient is therefore negative so that the impedance 
initially fidls. Thus, the curve in Figure 3 indicates a fall in load impedance as the 
S delivered power i s increased, the impedance falling through point A to a mipfm^m at 

point B, at vitach point saline in immediate contact with the electrode reaches boiling 
point Small vapour bubbles now form on the sui&ce of the acdve electrode atul the 
iiiq)edance starts to rise as shown by the curve risirigfiom point B to p^ Thus, 
once the boiling point has been reached, the arrangement displays a dominant positive 
10 power coefficient of impedance. 

As the vapour bubbles form, there is an increase in the power density at the remaining 
active electrode to saline interface (the exposed area of the active electrode not covered 
by v^ur bubbles) which further stresses the inter&ce, producing more vapour 
IS bubbles and thus everi higher power den^ty. Thisisarunaway condition, with an 

equilibrium point only occurring once the electrode is completely enveloped in vapour. 
Thus, for a given set of variables, there is a power threshold corresponding to point C 
at which this new equiiibriimi is reached 

20 In the light of the foregoing, it will be appreciated that the region between points B and 

C in Figure 3 represrats the upper limit of desiccation power vMch can be achieved. 

Upon formation of an electrode-enveloping vcqpour pocket, the impedance elevates to 
about 1 kQ, as shown by point D in Figure 3, the actual impedance vali» depending on 
2S a number of system variables. Tbevapouristhensustainedbydisdiarges across the 

pocket between the active electrode aiid the v^ur/saline interfice. 

This state of afiiairs is illustrated by the diagram of Figure 4 v^ch shows an 
alternative electrode assembly 28 A having a hemispherical or ball electrode 30A in 
30 place of the brush electrode 30 of the embodiment of Figure 2. As before, the return 
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electrode 36A is proximally spaced froQi the active electrode BOA by an intervening 
insulator 34A. The ball electrode is preferred for tissue v^risation. 

Once in the vaporisation equilibrium state, the vapour pocket, shown by the reference 
SO in Figure 4, is sustained by discharges 52 across the vapour pocket between the 
active electrode 30 A and the vapour to saline inter&ce. The majority of power 
dissipation occurs within this pocket with consequent heating of the active electrode* 
The amo\mt of energy dissipation in this conduction is a fum:tion of the delivered 
power. It will be noted fiom Figure 3 that the vsqporisation mode, indicated by the 
dotted boundary lines, can be sustained at much lowor power levels than are required 
to bring about formation ofthevapoxnr pocket The impedance/power characteristic 
consequently displays hysteresis. Once the vaporisation mode has been established, it 
can be maintained oyer a comparatively wide range of power levels, as shown by the 
inclined part of the characterisdc extendmg cm both sides of point D. However, 
increasing the delivered output power beyond that represented by point D causes a 
rapid rise m electrode temperature, potratiaUy damaging the electrode. To coU^^ the 
v^nr pocket and to return to desiccation mode requires a ^gnificant power reduction 
back to point A, direct contact between the active electrode and the saline being 
reestablisl^ and the impedance &lling dramatically. The power density at the active 
electrode also fells so that the temperature of the saline now falls below boiling point 
aiKl the elecbode is then once again in astable desiccation equilibrium. 

The gmerator to be described hereinafter has the ability to sustain both the desiccation 
mode and die vsq)orisation mode. Whilst in general the electrode assemblies illustrated 
in HgUres 2 arid 4 can be i^ed m either mode, die bn2sh electnxte of Figure 2 is 
preferred for desiccation due to its wide potential area of coverage, and die ball 
electrode of Figure 4 is preferred for vaporisation due to its small active 
electrode^retum electrode sur&ce area rado* As can be seoifirom Figure 4, tissue 
vaporisation occurs Vfboi the vapour pocket 50 intersects the tissue surfs^re, with the 
electrode assembly preferably being held spaced above the tissue surfu^e by a small 
distance (typically 1mm to Smm). 
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The runaway condition winch occurs v^en the delivered poww reaches the level 
shown by point C in Figure 3 is exacerbated if the generator has a significant ou^ut 
impedance, because the output voltage can then suddenly rise. With increased power 
dissipation and without the presence of the cooling liquid around the active electrode 
30, the electrode temperature rises rapidly with consequent damage to the electrode. 
This also produces uncontrollable tissiie disnq)tion in place of the required desiccatiw. 
For this reason, the preferred generator has an output source impedance which, 
approximately at least matches the load impedance of the electrode structure vAasn 
wetted. 

The preferred generator now to be described allows both desiccation electrosurgery 
substantially without unwanted cell disnqption, and electrosurgical cutting or 
vaporisation substantially without electrode burning. Although intended primarily for 
operation in a condiictive liquid distension medium, it has ^jplication in other 
electrosurgical procedures, e.g. in die presence of a gaseous distension medium, or 
ii^erever rapid load impedance chaises can occur. 

Referring to Figure S, the generator comprises a radio frequency (RF) osciUator 60 
which operates at above or below about 400 kHz, with any firequoacy firom 300 kHz 
20 upwards into the HF range being feasible. Oscillator 60 drives a power output stage 62 

comprising two power MOSFETs T|, T2 coupled in push-pull arrangement between 
two supply rails Vj and OV. The power supply rails are driven by a power supply 
stage 64. 

25 Transistors T] and T3 are driven in a switching mode by a pulse width controller 64 

vMch is, itself driven by the oscillator 60. Thus each transistor T|, Tj receives one 
gating pulse during each cycle of the RF osdllatCM* 60, the pulses being timed such that 
T, is switched on during oscillator half cycles of one polarity, while Tj is switched on 
during oscillator half cycles of the opposite polarity, and the width of the gating pulses 

30 is controlled according to the required output power. 



10 



WO98a7880 



PCT/GBy7y03469 



15 

Coiq)led to the junction between the two electronic switches represented by transistors 
T,, Tj is a series-res(mant output circuit comprising a capacitor and an inductor 
The series resonant frequency of these two components is about 400 kHz» but 
gaieraily different fiom the frequency of opmtion of oscillator 60. Coupled to the 
S junction b^ween capacitor C, and inductor via a coupling capacitor is one of end 

of a primary winding of an output isolation transformer 65 feeding the output terminals 
66» 68 of the generator. The other end of the primary winding is coupled to one of the 
siqpply rails, in this case the ground connecdon OV. Coupling capacitor C^ is smaller 
than capacitor C^. . 

10 

The cormection of the soies-resonant circuit C^ to the switches is direct; there is im> 
intervening second series resonant circuit sudi as a parallel*resonant circuit and the 
load impedance presented to the switches (^^n its variation is considered with respect 
to excitation fitqueru:y) exhibits a predominant minimum at the resonant frequency of 
15 the series*resonant circuit 

In parallel with the source and drain connections of each transistor T,, T, is a 
respective energy recovery diode D„ Dj. 

20 Switching of transistors T|, T, in the above-described numnar causes the application to 

the junction 65 between the transistors of a RF excitation voltage having a waveform 
as shown in Figure 6. A corresponding sinusoidal waveform is produced at the 
junction of the two series-resonant conq>onents Q and the amplitude of which 
depends on the difference in frequency between the oscillator frequency and the 

25 frequency ofresonaiice»aiid on the iinpedaiiceofthe load 70 connected across the 

output terminals 66, 68. 

Coupled across the output cormections 66» 68 is a voltage tineshold detector 72 having 
an output 72A coiq)Ied to an "'on" time control circuit 74. 

30 
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In operaticm of the generator, power is applied to the povw supply 64 when 
electrosurgical power is demanded by the surgeon opmting an activation switch 
arrangement which may be provided on a handpiece or footswitch (see Figure 1 ). A 
constant output voltage threshold is set independentiy of the supply voltage via input 
72B according to control settings on the fiont panel of the generator (see Figure 1). 
TypicaUy, for desiccation or coagulation the threshold is set at a desiccation threshold 
value between 150 volts and 200 volts. When a cutting or vaporisation output is 
required, the threshold is set to a value in the range of from 250 or 300 volts to 600 
volts. These voltage values are peak vatoes. Their being peak values means that for 
desiccation at least it is preferable to have an output RF waveform of low crest factor 
to give maxunum power before the voltage is clamped at the values given. Typically a 
crest factor of 1 .5 or less is achieved. 

When the generator is first activated, the status of the control mpxa 641 of the pulse 
width controller 64 (\^ch is connected to the "on" time control circuit 74) is **on**, 
such that the transistors T 1 , T2 \^*ich fomi the output stage 62 are each switched on 
for a maximum conduction period during each oscillation cycle which may be a full 
half cycle of the oscillator ou^t Providing the delivered power is suflBciently high, 
the temperature of the liquid medium sunounding the electrodes of the electrosurgical 
instrument (or withm a gaseous medium, the tcn^perature of liquids contained within 
the tissue) may rise to such an extent tfa^ the liquid medium v^rises, leading to a 
rapid increase in load impedance and a consequent rapid increase in the applied ou^ut 
voltage across terminals 12. This is an undesirable state of afiairs if a desiccation 
output is required For this reason, the voltage threshold for a desiccation output is set 
to cause a trigger signal to be sent to the "on** time control circuit 74 when the 
threshold is reacted. The "on" time control circuit 74 has the effect of virtually 
instantaneously reducing the width of the gating pulses produced by controller 64 
thereby virtually instantaneously reducing the "on" time of the RF switching device T„ 
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Subsequent control of the ' W time of the devices T„ T3 in individual cycles of the 
oscillator 60 will be understood by considering the internal configuration of the "^on" 
time control circuit 74 \^ch is shown in Figure 7. The circuit comprises an RF 
sawtooth generator 80 (synchronised at the RF oscillation frequency by a 
synchronisation signal derived from the oscillator and applied to a synchronisation 
input 74I)» and a ramp generator 82 ^ch is reset by a reset pulse from the output 72B 
of the voltage threshold detector 72 (see Figure S) produced vAmi the set threshold 
voltage is readied. This reset pulse is the trigger signal refeired to above. The "on** 
time control circuit 74 frirther comprises a comparator 84 for comparing the sawtooth 
and ramp voltages produced by the sawtooth and ramp generators 80 and 82 to yield a 
square wave control signal for ^plication to the ii^>ut 641 of the pulse width controller 
64. As shown by the waveform diagrams in Figure 7, the nature of the sawtooth and 
ramp waveforms is such that the mark4o-s(»ce ratio of the square wave signal applied 
to the controller 64 progressively increases after each reset pulse. As a result, after a 
virtually instantaneous reduction in '^on'" time on detection of the output voltage 
reaching the set voltage threshold, the "on** time of the RF oscillator is progressively 
increased back to the original maximum value. This ^cle is continuously repeated 
until the tempmture of the liquid surrounding the electrodes reduces to such a level 
such that v^risation no longer occurs. 

The output voltage of the generator is important to the mode of operation. In facU the 
ou^ut modes are defined purely by output voltage, q)ecifically the peak output 
voltage. The absolute measure of ou^ut voltage is only i^cessary for multiple term 
control. However, a sinqple single torn control (Le. using one control variable) can be 
used in this generatcH^ in order to confine the output voltage to predeterinined lim 
voltages. Thus, the voltage threshold detector 72 shown in Figure 5 compares the RF 
I^ak output voltage with a preset DC threshold level, and has a sufBdently fast 
response time to produce a reset pulse for the ''on** time control circuit 74 within one 
RF half cycle. 
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When the series-resonant ou^ut circuitis excited by switchmg of transistors T,, Tj at a 
frequency near resonance, the amplitude of the voltage at the junction between 
transistors T„ Tj can exceed the supply voltage. In this condition, when both 
transistors arc turned off, diodes D„ recover energy from the resonance circuit into 
the supply. Intennediatc levels of excitation are possible by using less than half-wave 
switdung of the push-pull devices, the on-thne providing excitation, the off-time 
providing power recovery and dampmg. 

Before considering the operation of the generator fiothcr, it is aH»opriate to refer back 
to the impedancc/powCT diaracteristic of Figure 3. It will be appreciated that the most 
critical control threshold is that applicable during desiccation. Smce vapour bubbles 
forming at the active electrode arc non-conducting, the saline remaining m contact 
with the electrode has a higher power density andconseqi^ndy an even greater 
propensity to form vapour. This degree of instability brings about a transition to a 
vaporisation mode with the same power level due to the runaway increase in power 
density at Ac active electrode. As a result, the impedance local to the active electiode 
rises. Maximum absorbed power comcides with the electrode condition existing 
unmediately before formation of va^ur bubbles, since this coincides with maximum 
power distribution and flic greyest wetted electrode area. It is therefore desirable that 
the electrode remains in its wetted state for the maximum desiccation power. Use of 
voltage limit detection brings about a power reduction which allows the vapour 
bubbles to cpllf^ which in turn increases ibc ability of the active electrode to absorb 
power. For fliis reason, die gcnaator desaibed in this specification includes a control 
loop having a large overshoot, in fliat die feedback stimulus of the peak voltage 
reaching the predefined threshold causes a large instantaneous reduction in power by 
causing a reduction in peak ou^nxt voltage to a level significantly below the peak 
output voltage level s^ by flic threshold detector 72. This control overshoot ensures a 
return to the required wetted state. 
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In the generator described above with r^feience to Figures S» 6 and 7, power reduction 
in response to voltage threshold detection takes place through an instantaneous 
reduction in RF energy supplied to the series-resonant output circuit 

In the prefmed embodiment, the instantaneous power reduction is by at least three 
quarters of available power (or at least half voltage) fiom the DC power supply and 
preferably by more. Thus, a high speed response is obtained in the RF stage itself 

In a typical desiccation episode the ou^iit voltage increases with increasing load 
impedance to a point at v^ch the output voltage threshold is reached, whereupon the 
above-<iescribed instantaneous reduction in output stage '"on"* time occurs. This 
produces a rapid decrease in the RF ou^ut voltage, followed by a progressive increase, 
again as described above. When the output voltage again reaches the threshold 
voltage, the "'on" time of the oscUlator is once again instantly reduced and then 
progressively increased, so that the output voltage waveform repeats its previous 
pattern. Yet again, the threshold voltage is reached, again the output voltage is 
instantly reduced, and again the "^on** time is allowed to increase, and so on until the 
conditions at the operation site change such that vapour is no longer formed. 

It will be seen, then, that the control circuitry 74, 64 (Figure 5) operates dynamically to 
control the ou^ut voltage both suflBdently rapidly and to a sufBcimt degree to 
maintain the voltage at a level consistent with, in this case, the level required for 
desiccation without tissitt disrtqytion due to arcing. The same tedmique can be used 
with a difieroit direshold voltage to limit the output voltage to prevent electrode 
burning and/or excessive tissue va^xnisation. In the latter case, the voltage limit may 
be set to a level between 250 volts (preferably 300 volts) axul 6(K) vohs. 

Due to the high pow^ density at the active electrode during the vq;xmsation mode, the 
great majority of delivered power is dissipated in the proximity of the electrode. In the 
vq>orisation mode, it is desirable that a minimum of saline heating occurs, but that any 
tissue which encroaches the v^x>ur boundary of the active electrode is vaporised. In 
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the v^risation mode, the vapour is sustained by arcs within the v^ur pocket as 
described above with reference to Figure 4. Increasing the output voltage during 
v^risation results in increased volume of tissue removal due to the mcreased size of 
the vapour pocket Collq>sc of the vapour pocket during tissue vaporisation has 
greater consequence, due to the increased necrosis as a result of the greater power 
dissipation in the surrounding saline. V^ur pocket collapse can be prevented by, 
firstly, arranging for the electrode impedmice in v^risation mode to be such that the 
instrument is in an unmatched conditicm as regards impedance, with result that the 
resonant output circuit Q is high and the output voltage docs not change so rapidly as 
with lower load impedances and, secondly, the active electrode has a significant heat 
capacity that sustains the v^ur pocket for a significant period. 

Animwanted increased in the size of the v^ur pocket can be prevented by limiting 
tfic peak output voltage during the v^xmsation mode, which may be conveniently 
carried out by substituting a difiFerent threshold value for the voltage threshold detector 
72 (see Figure 5) when in the vaporisation mode. 

The circuitry of the voltage threshold detector 72, and **on" tfane control circuit 74 
(shown in Figure 5) m the preferred generator in accordance with the invention is as 
described and shown in our co-pending European Patent AK>lication No. 96304558.8. 

As has been described above, different threshold voltages are ^plicable to desiccation 
on the one hand and cutdng or tissue vaporisation on the other hand. Accordingly, the 
generator includes a mode selection control 86, as shown in Figure 5, In practice, this 
may be part of a microprocessor control system (not shown) [ooducing outputs vrtnch 
depoKi on handpiece or foot-opeiated switch settings. Thus, for a desiccation output, 
the mode selection control sets the voltage threshold of threshold detector 76 to a first 
value via input 72B, ^diilst for cutting or v^risation, a different, higher threshold 
value isset Improved results can also be obtained by setting the RF oscillator 
fiequcncy to difierent values according to \^ether desiccation or cutting/vaporisation 
are required. Thus, for desiccation, the mode selection control applies a frequency 
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control signal to the RF oscillator via cpntrol input 601 to set the oscillator frequency 
below the resonant fiequency of the series-resonant conibinationCp^ Conversely, 
when cutting or tissue vsqmrisation is required, the RF oscillator is set to a frequency 
higher than the resonant frequency. The lower frequency has the effect of skewing the 
power versus load impedance characteristic so as to increase the power available at 
low impedances, as encountered during desiccation. The high» oscillator frequency 
has the effect of flattdung the power versus load impedance curve, favouring higher 
impedances, as encountered yfben the immersing fluid v^rises. These power/load 
impedance variations are shown diagrammatically in Figures 8 and 9, in which f^ and 
^ reinesent the excitation (i.e. oscillator) frequency and the resonant frequaicy 
respectively. 

Blended modes can be used by constantly alternating between desiccation and cut 
states or by altering the position of the thresholds. 

An alternative generator to that described above with reference to Figure S may be 
used, having an output stage with switdiii^ means in bri(^e configuration, as shown 
in Figure 10. In thb case, the switching devices comprise four power MOSFETs 
arranged in two pairs of two tran^stors, eadi pair being arranged in a push-pull 
configuration. The first pair is shown in Figure 10 as transistors T3 and T4, and the 
second pair as transistors TS and T6. Tte series-resonant output circuit comprising 
cq>acitor Q and conductor 1^ is coupled between the respective junctions of the two 
pull-push pairs T3» T4 and TS, T6 so that vdien these [oirs are driven in phase 
opposition by a pulse width and phase controller circuit 64, the radio frequocy powor 
signal is applied across the series-combination As in the generator of Figure S, 
the output to an ele ctr os ur gical instrument is taken fiiom across die inductor via a 
coupling capacitor and an isolation transformer 65, the transformed radio frequency 
output voltage qjpearing at terminals 66, 68 for connection of an electrosurgical load 
70. In other respects, this alternative genmtor is similar to the generator described 
above with reference to Rgure S, and common reference numerals for the common 
parts are used in Figures 10 and S respectively. The voltage waveform generated 
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across the series-resonant circuit L^ typically has the same waveform as that 
developed by the generator of Figure 5, i.e. as shown in Figure 6. However, in the 
case of this alternative generator, by incorporatmg a phase control function m the 
circuit 64 driving the switching transistors T3 to T6, the phase difference between the 

5 drive signals appli ed to the respective pairs T3 , T4, and T5 , T6 can be varied from the 

maximum value of 180^ downwards so that the output power is reduced This 
constitutes an additional variable for varying output power. Indeed, when required, the 
phase differeiice can be reduced to such an nctent that the ou^m power is zero, w^ 
meaiis that, for example, the siq>piy voltage Vs obtaiiied from power supply 64 c^ 

10 nudntained constant at all times rather than bdng used as a secondary means of power 

reduction. 

To sununarise, then, the bridge configuration allows r^id power reduction to be 
achieved viben the conductive liquid surrounding the instrument electrodes vaporises 
15 not only by reducing the "ON^ time of the transistors, but also by varying the relative 

phase betwem the two transistor pairs downwards from 180^. It is also possible to 
alter the excitation frequency of RF oscillator 60 so as to be further fix)m the resonant 
freqmicy defined by the series-combiruition of capacitor Q and inductor ^ an 
additioiud means of reducing ou^ut power, 

20 

From a general viewpoint, a radio frequency generator for an electrosiffgical system is 
provided, the system including an electrode assembly having two electrodes for use 
inunersed in an electrically conductive fluid. The generator has control circuitry for 
rapidly reducing the delivered radio frequency output power by at least S0% withm at 

25 most a few cycles of the peak radio frequency output voltage reaching a predetermined 

threshold limit Inthisway, tissue coagulation can be performed in, for example, 
saline without significant ^eam generation. The same peak voltage limitation 
technique can be used in a tissue v{q)orisation or cutting mode to limit the size of die 
steam pocket at the electrodes and to avoid electmieburnirig. The generator has a 

30 pusb-pull oulput stage with a series-resonant ou^ circuit, the output stage being 

driven by a radio frequency oscillator at a frequency vfhich, in general, differs from the 
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resonant firequency of the resonant output circuit Power control is achieved by 
varying the ON-time of switching transistors forming the push-puU ou^ut pair and by 
ahering the fiequency spacing between the excitation frequency and the resonant 
frequency of the series-resonant output circuit In an alternative embodiment a bridge 
configuration using two push-pull pairs is used, yielding a further power control 
variable: the relative phase of the driving signals to the respective transistor pairs. 
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CLAIMS 

An electiosurgical generator for supplying radio frequency power to an 
electrical instrument, the generator comprising a radio frequency output stage 
having at least a pair of electrosurgical output lines for the delivery of radio 
frequency power to the instrument, a power sq^ly coupled to die output stage 
for supplying power to the ou^ut stage, and control circuitry including sensing 
means for deriving a sensing signal rqpresentadve of the radio frequency peak 
output voltage developed across the output lines, ^lerein the output stage 
comprises a series-resonant output circuit coupled to the output lines and 
switching means coiqpied to the resonant output circuit, and wherein the 
control circuitry is oporable to vary the switching intervals of the switching 
means to reduce the delivered radio frequency power in response to a 
predetermii^ condition of the sensing signal. 

A generator according to claim 1, ^^^^erein die smes-resonant output circuit 
comprises the series combination of an inductance and a capacitance, and is 
coiq>led to the switching means such diat a switdied radio frequency output 
waveform is developed across the series combination, the output lines of the 
generator being coupled to the seriesHPesonant circuit to receive the radio 
frequency volti^ developed across the inductance or the capacitance. 

A generator according to claim 2, wherein the output lines arc coupled to 
receive the radio frequency voltage developed across the inductance. 

A generator according to claim 2, wfamin the series combination is coiq>Ied 
between the switching means and a grpuixi connection or one of a pair of 
su{^ly rails of the power sujqply means, one of the output lines of the generator 
being coupled to a junction between the inductance and the capacitance. 
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5. A generator according to claim 4, herein the capacitance is connected 
between the switc^g means and the jimction, and die inductance is coiq>^ 
between the junction and the ground connection on the said one supply rail. 

S 6. A generator acconling to ciaim 2, vAicrein the switdui^ 

semiconductor switching devices connected in a bridge configuration, the 
series combination being coupled between oppositely phased nodes of the 
switching means. 

10 7. A generator accordiiig to any ofclaims 2 to 6, inchidiii^ a series-connected 
coupling capacitance coupled in a signal path between the series-resonant 
circuit and one of the output lines. 

8. A generator according to claim 7, wherein the coiq)ling capacitance is of a 
IS smalls value than die capacitance of the series-resonant combination. 

9. A graerator according to any preceding claim, wherein the switching means 
comprise a pair of electronic switdies connected in a push-p\iU series 
arrangement between a pair of supply rails of the power supply, the series 

20 resonant output circuit being coi^led to the connection between the electronic 

switches. 

10. A generator according to claim 9, wherein the switching means comprise two 
pairs of electronic switches in a bridge configuration, each pair connected in a 

25 push-pull series arrangement between tte siqsply rails, the s^es-resonant 

output circuit b&hg coiq>led between the connection between the switches of 
one pair and the ccmnection b^wecn the switches of the other pair, the two 
pairs being arranged so as to be driven witii opposite respective phases. 
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A generator according to any preceding claim, i^Aieiein the switdiing means are 
connected to switch current repeatedly through the resonant ou^ut circuit at a 
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radio firequency, and wherein the. control circuitry is so arranged and coupled to 
the switching means as to reduce the switching means radio frequency duty 
cycle sufBdently rapidly to cause at least a 50% reduction in delivered output 
power within lOOjis of a predetermined radio frequency peak output voltage 
tlureshold having been reached 

A genmtor according to claim 9 and claim 1 1, or claim 10 and claim 1 1, 
wherein the switching means are connected to switch current repeatedly 
through the resorumt output circmt at a radio frequency, and wherein the 
control circuitry is so arranged and coupled to the switching means as to reduce 
the switchmg means radio frequency duty cycle sufficiently rapidly to cause at 
least a 50% reduction in delivered output power within lOO^is of a 
predetermined radio frequency peak output voltage threshold having been 
reached and v^iierein the control circuitry b arranged to drive each of the 
electronic switches so as to perform partial cycle switching whereby each has a 
variable or^time during respective radio frequoocy cycles* the on-time of both 
switches being controllable sufficimtly rsq>idly to effect the said at least 50% 
power reduction within 5 radio frequency cycles. 

A generator according to claim 1 1 or claim 12, ^^dierein the control circuitry 
includes a driver stage including a ramp generator operable to cause a control 
signal to be applied to the drive stage initially to reduce the said radio 
frequency duty cycle to cause the at least 50%. reduction in power delivered via 
the output lines, and then progressively to increase the duty cycle at a less nqpid 
rate until the sensing signal indicates tiiat the predetermined voltage threshold 
has once again been reached. 

A generator according to any preceding claim, further including an oscillator 
for driving the switdmxg means, the oscillator being operable at a frequency 
which is difTerent from the resonant frequency of the scries resonant 
combination. 
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An electrosurgical system inchiding a g^erator for generating radio frequency 
power and an electrosurgical instrument having at least one electrode for use 
immersed in a conductive liquid, whmin the generator comprises an output 
stage including at least one radio frequency power device, a series-resonant 
output circuit, and at least a pair of ou^ut connections arranged to receive 
radio frequency power from the power device, one of the pair of connections 
being connected to the said electrode, and A^erem the generator further 
conq>rises a control stage operable to reduce the conduction time of the power 
device during individual radio frequency cycles in response to a sensing signal 
representative of the peak output voltage across the output connections 
exceeding a predetermined sensing signal threshold value, whereby the radio 
frequency power delivered to the electrode structure is r^idly reduced y/hcn 
the conductive liquid is viqporised. 

A systan according to claim IS, >7^«ein the electrode structure includes a 
projecting treatment electrode and a liquid contact electrode sp^:ed from the 
treatment electrode, both electrodes being for use surrounded by the conductive 
liquid and each being connected to a ieq)ective one of the pair of output 
connections, the control stage being operable to reduce the conduction time of 
the power device when the conductive liquid at the treatment electrode is 
v^[>orised thereby to cause the collapse of vapour bubbles at the treatment 
electrode and a decrease in the electrical load impedance. 

A system according to claim 16, wherein the electrosurgical instrument has an 
electrode structure having juxt2q>osed first and second electrodes for immersion 
ina conductive liquid, the first and second electrodes respectively forming a 
tissue contact electrode at an extreme distal end of the instrument and a return 
electrode proximally spaced from the tissue contact electrode. 
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A system according to claim 16 or claim 17, wherein series-resonant circuit 
coupled between the pow^ device and the output connections has a resonant 
frequency vAidi is different from the frequency of operation of the generator. 

19. A system acconling to any of claims 15 to 18 and operable in at least a tissue 
desiccation mode and a tissue cutting or vaporisation mode, wherein the 
generator includes a mode selection control, and wherein the control stage is 
operable automatically to adjust the radio frequency power supplied to the 
electrode structure to limit Ac peak generator output voltage to a first value 
when the desiccation mode is selected and to at least one second value when 
the cutting or vtqporisation mode is selected, the second value or values being 
higher than the first value. 

20. A system according to claim 18, vdiercin the first and second values are in the 
ranges of from 1 50V to 200V and from 250V to 600V respectively, the 
voltages being peak voltages. 

21. A system accoitfing to any ofclauns 15 to 18, operable in at least a tissue 
desiccation mode and a tissue cutting or vaporisation mode and having a radio 
frequency oscillator for driving the power device, wherein the generator 
includes a mode selection control coqpled to the oscillator for adjusting the 
oscillator frequency of the oscillator so as to be higher than the resonant 
frequency of the series resonant output circuit in the cutting or vs^porisation 
mode and lower than the said resonant frequency in the desiccation mode. 

22. A ^enerator according to claim 14 and claim 7, vAmin the values of the 
coupling c^>acitance and the compon«ts of the series-resonant circuit are such 
that the difference between the oscillator frequency and the resonant frequency 
is between %(C^Q and {CJJCX where C, is the coupling capacitance, Q is 
the capacitance element of the sciies-rcsonant circuit and ^ is the resonant 
frequency. 
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23. An dectrosurgicai gaxerator for sfiqpplying radio fircquMcy power to an 
eledrosurgical instnnnent, the generator comprising a radio frequency output 
stage having at least a pair of electrosurgical output connections for the 
delivery of radio firequency power to the instrument, a radio frequency 
oscillator for feeding a radio frequency signal to the output stage, and control 
circuitry including sensing means for deriving a sensing ^gnal representative 
of tte radio frequency signal delivered from the output connections, wherein 
the ouQnit stage comprises a series-resonant ou^ut circuit coupled to the ou^ut 
coimections, the resonant fiequracy of the series-resonant output circuit being 
diff^ent from the operation frequency of the oscillator, and wherein the control 
circuitiy provides a feedback si^oal for controlling the delivered radio 
frequency power. 

24. A generator ^xording to claim 23 , vdimin the ou^mt stage is a push-piill 
output stage, and the control circuitry is operable to alter the on-time of one or 
more semiconductor devices forming jmrt of the ou4>ut stage independ^itly of 
the frequency of operatioit 

25. A generator according to claim 23 or claim 24, v^ereinthe srasing means is 
arranged to derive a sensing sigiud representative of the radio frequency peak 
output vollBge develq)ed aooss the ou^nit connections. 
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AN ELPCTROS WGKAL INSTRUMENT 

This invention relates to an electrosurgical instrument for the treatment of tissue in the 
presence of an electrically conductive fluid medium, and to an electrosurgical system 
apparatus including such an instrument. 



Endoscopic elcctrosurgery is useful for treating tissue in cavities of the body, and is 
normally performed in the presence of a distension medhim. When the distension medium 
is a liquid, this is commonly referred to as underwater elcctrosurgery, this term denoting 
elcctrosurgeiy in which living tissue is treated using an electrosurgical instrument with a 
treament electrode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 
is often the case in laparoscopic or gastroenterological surgery. 

Underwater surgery is commcmly performed using endoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a workmg channel) for 
the passage of an electrode. Alternatively, the endoscope may be speciftcaliy adapted (as 
in a resectoscope) to include means for mounting an electrode, or the electrode may be 
introduced into a body cavity via a separate access means at an angle with respect to the 
endoscope - a technique commonly referred to as triangolation. These variations in 
technique can be subdivided by surgical speciality, where one or other of the techniques 
has particular advantages given the access route to the specific body cavity. Endoscopes 
with integral working charmels, or those characterised as resectoscopes, are generally 
employed when the body cavity may be accessed through a natural body opening - such 
as the cervical canal to access the endometrial cavi^ of the uteras, or the urethra to access 
the prostate gland and the bladder. Endoscopes specifically designed for use in the 
endometrial cavity are referred to as hysteroscopes, and those designed for use in the 
urinary tract include cystoscopes, urethroscopes and resectoscopes. The procedures of 
transuredial resection or vaporisation of the prostate gland are known as TURP and EVAP 
respectively. When there is no natural body opening through which an endoscope may 



/93^ 11:59 REEDFAX -> 914153253057 



N0.254 



PCT;GB96/01473 



be passed, the technique of triangulaiion is commonly employed. Triangulation is 
commonly used during underwater endoscopic surgery on joint caviUes such as the knee 
and the shoulder. The endoscope used in these procedures is commonly refencd to as an 
arthroscope. 

Elcctrosurgeiy is usually canied out using either a monopolar instrument or a bipolar 
instrument With monopolar electrosurgery, an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 
arrangement, current passes from the acUve electrode through die patient's tissues to the 
external return plate. Since die patient represents a significant portion of die circuit, input 
power levels have to be high (typically 150 to 250 watts), to compensate for die resistive 
current limiting of die patient's dssues and. in die case of underwater electrosurgery. 
power losses due to die fluid medium which is rendered partially conductive by die 
presence of blood or odier body fluids. Using high power widi a monopolar arrangemem 
is also hazardous, due to die tissue heating diat occurs at die return plate, which can cause 
severe skin bums. There is also die risk of capacitive coupling between die instniment 
and patient tissues at the entry point into the body cavity. 

With bipolar electrosurgery, a pair of electrodes (an active electrode and a return 
electrode) are used togedier at die tissue application site. This arrangement has 
advantages from die safety standpomt. due to die relative proximity of die two electrodes 
so diat radio frequency currents are limited to the region between die electrodes. 
However, die depdi of effect is diiocdy related to die distance between die two electrodes; 
and, in applications requiring very small electrodes, die inter-electiode spacing becomes 
very small, diereby limiting tissue effect and die output power. Spacing die elecUodes 
fimher apart would often obscure vision of die ^ication site, and would require a 
modification in surgical technique to ensure direct contact of bodt electrodes widi die 
tissue. 

There are a number of variations to die basic design of die bipolar probe. For example. 
VS. Patent Specification No. 4706667 describes one of d« fimdamentals of die design. 
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namely tha the ratio of the contact areas of the retum electrode and of the active electrode 
is greater than 7: 1 and smaller than 20:1 for cutting purposes. This tange relates only to 
cutting electrode configurations. When a bipolar instrument is used for desiccation or 
coagulation, the ratio of die contact areas of the two electrodes may be reduced to 
approximately 1 : 1 to avoid differential electrical stiesits occumng at the contact between 
the tissue and the electrode. 



10 
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The electrical junction between the lemm electrode and tissue can be supported by wetting 
of the tissue by aconductive sohition such as normal saline. This ensures that the surgical 
effect is limited to the needle or active electrode, with the electric circuit between the two 
electrodes being completed by the tissue. One of the obvious limitations with die design 
is that the needle must be completely buried in the tissue to enable the retum electrode to 
complete die circuit. Another problem is one of the orientation: even a relatively small 
change in application angle from die ideal perpendicular contact widi respect to die tissue 
surface, will change the contact area ratio, so dtat a sui^icai effect can occur in die tissue 
in contact with the return electrode. 

Cavity distension provides space for gaining access to the operation site, to improve 
visualisation, and to allow for manipulation of instniraents. b low volume body cavities, 
particularly where it is desirable to distend die cavity under higher ptessure. liquid rather 
Uian gas is more commonly used due to better optical characteristics, and because it 
washes blood away from the operative site. 

Conventional underwater electrosurgeiy has been performed using a non-conductive 
liquid (such as 1.5% glycine) as an irtigant, or as a distension medhim to eliminate 
electrical conduction losses. Glycine is used in isotonic concentrations to prevent osmotic 
changes in die blood when intra-vascular absorption occurs. In die course of an operation, 
veins may be severed, witfi resultant infusion of Uie liquid into the circulation, which 
could cause, among odier tilings, a dilution of scnim sodium which can lead to a condition 
30 icnown as water intoxication. 
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The applicants have found that it is possible to use a conducUve liquid medium, such as 
nonnal saline, in underwater endoscopic elecirosurgery in place of non-conductive, 
electrolyte-fice solutions. Normal saline is the piefened distension medium in underwater 
endoscopic surgery when electrosurgery is not contemplated, or a non-elecirical tissue 
effect such as laser treatment is being used. Although nonnal saline {0.9%w/v; 
150mmol/l) has an electrical conducUvity somewhat gieater dian that of most body tissue, 
it has the advantage that displacement by absotption or extravasation from the operative 
site produces little physiological effect, and the soiled water intoxication effects of non- 
conductive, electrolyte-free solutions are avoided. 

The applicants have developed a bipolar instrument suitable for underwater electrosurgery 
using a conductive liquid medium. A first aspect of the invenUoo is as defined in claim 
I accompanying this description. Other aspects of the invention are as defined in claim 
7. which relates to an clecttosurgical system including an instrument and a genemor. 
claims 12. 19 and 23 each directed to an electrosurgical instrument, and claims 3 1 and 37 
directed to methods of desiccatmg and vaporising tissue. Some of the piefeiTed features 
of the different aspects of die invention are set out in the dependent clahns. 

The electrode structure of this insuument. in combination witii an clectrica]|yK»nductive 
fluid medium largely avoids the problems experienced widi monopolar or bipolar 
clectrosurgeiy. In particular, mput power leveb are much lower dian those gencraUy 
necessaiy witii a monopolar arrangement (typically 100 watts). Moreover, because of the 
relatively large spacing between its electrodes, an improved depth of effect is obtained 
compared with conventional bipolar arrangements. 

The invention will now be described by way of example witii reference to die drawings 
in which: 

Figure 1 is a diagram showing an electrosurgical system in accordance with the invention: 
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Figure 2 is a side view of a portion of an electrosurgical instniroent fonning part of the 
system of Figure 1 ; 

Figure 3 is a cross-section of part of an alternative electrosurgical instrument in 
accordance with the invention, the instrument being sectioned along a longitudinal axis; 

Figure 4 is a graph illustraUng the hysteresis of the electrical load impedance and 
dissipated radio frequency power which occurs between use of an instrument in 
accordance with the invention in desiccating and vaporising modes; 

Figure 5 is a block diagram of the generator of the electrosurgical system shown in Figure 

1; 



Figure 6 is a diagrammatic side view of the instrument of Figure 3 showing the use of the 
instrument for tissue removal by vaporisation; 

Figure 7 is a diagrammatic side view of an instrument similar to that shown in Figure 6. 
showing the use of the instrument for tissue desiccation or coagulation; and 

Figures 8. 9 and 10 are side views of ftirdier electrosurgical instramenis in accordance 
with the invention, showing different electrode and insulator configurations. 

Referring to the drawings, Figure 1 shows clcctrosurgicaJ apparatus including an 
electrosurgical generator 10 having an output socket lOS providing a radio frequency (RF) 
output for a bipolar instrument^ in the form of a handpiece 2 and a detachable electrode 
unit 28. via a connection cord 14. Activation of the generator 10 may be performed from 
the handpiece 12 via a control connection in the cord 14, or by means of a footswitch unit 
16, as shown, connected separately to the rear of the generator 10 by a footswitch 
connection cord 18. In the illustrated embodiment, the footswitch unit 16 has two 
footswitches 16A and 16B for selecting a desiccation mode and a vaporisation mode of 
the generator 10 respectively. The generator front panel has push buttons 20 and 22 for 
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respectively setting desiccation and vaporisation power levels, which are indicated 
display 24. Push buttons 26 are provided as an alternative means for selection betwe«, 
the desiccation and vaporisation modes. 

5 The instrument need not include a handpiece, but may simply include a connector for 

mounting to another device such as a resectoscope. In Rgure 1 the instrument has an 
electrode unit 28 which is shown mounted to the handpiece 12. 

The electrode unit E may take a number of different foims. some of which are described 
10 below. 
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In a basic configuration, shown in Figure 2. an electrode unit for detachable fastening to 
an instrument handpiece comprises a shaft 30 which may be a conductive tube covered 
with an insulating sheath 30S. witii an electrode assembly 32 at a distal end of die shaft 
30. At the other end of the shaft (not shown) means are provided for connecting the unit 
to a handpiece both mechanically and electrically. 

The electrode assembly 32 comprises a cenoal active electrode 34 which is exposed at the 
extreme distal end of the unit to form a tieatinent portion of the electrode. Preferably die 
active electrode is a metalUc wire which extends as a ccntial conductor through the whole 
of the shaft 30 to a contact at the proximal end (not shown in the drawing). Surrounding 
the electrode 34 and the inner conductor is an insulating sleeve 36 the distal end of which 
is exposed proximally of tfie exposed treatment portion of theelectiode 34. Typically, diis 
sleeve is tnade of a ccratnicimterial to resist damage from arcing. Surrounding the sleeve 
36 is the return electiode 38 in the form of a metallic tube which is electrically (and 
optionally also mechanically) integral with the metallic tubular body of die shaft 30. This 
return electrode terminates at a point short of the end of die sleeve 36 so that it is set back 
from the exposed treatment portion of the active electrode 34 and is bodi radially and 
«ially spaced from the latter. It will be appreciated that, principally due to die much 
larger diameter of the return electrode in comparison to diat of die tissue contact elec^ 
the tetom electrode provides an exposed fluid contact surface which has a surface area 
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very much greater than that of the exposed active electrode treatment portion. The 
insulating sheath 30S tenninates at a location proximaUy spaced from the distal end of the 
return electrode 38 in order to provide the required surface area for the return electrode 
fluid contact surface. At the distal end of the electrode unit, the diameter of the return 
conductor is typically in the region of from 1mm to 5mm. The longinidinal extent of the 
exposed part fluid contact surface the return electrode 38 is typically between 1mm and 
5mm with the longimdinal spacing from the return clectrt)de 38 to the exposed active 
electrode treatment portion between Inun and 5nun. Further aspects of the configuration 
and dimensioning of electrode assemblies are set out in more detail below. 



In effect, the electrode stracnire shown in Figure 2 is bipolar, with only one of the 
electrodes (34) actually extending to the distal end of the unit. This means that, in normal 
use when the electrode assembly is inunerscd in a conductive fluid medium, the return 
electrode 38 remains spaced from the tissue being treated and a current path exists 
15 between the two electrodes via the tissue and the conductive fluid medium which is in 

contact with the return electrode. 
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The axial spacing of the electrodes permits a very fine electrode structure in terms of 
diameter since the insulation path is considerably longer than a bipolar electrode having 
merely radial spacing between exposed electrode surfaces. This allows higher powers to 
be used than with conventional electrode stmctuies without causing unwanted arcing, or 
m the case of electrosurgical cutting or vaporisation treatment, without causing electrode 
unit damage due to excessive arcing at high temperatuics. 

The particular staggered arrangement shown affords the surgeon a view of the tissue 
contact electrode tip, and permits a large range of applied angles with respect to the Ussue 
surface, which is particularly important in the confined spaces typical of endoscopic 
surgery. 



30 



Referring to Figure 3, an alternative electrode unit for detachable fastening to the 
electrosurgical instrument handpiece 12 shown in Hgure I comprises a shaft 30. which 
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is constituted by a semi-flexible tube made of stainless steel or phynox electroplated in 
copper or gold, with an electrode assembly 32 at a distal end thereof. At the other end 
(not shown) of the shaft 30. means are provided for connecting the electrode unit to the 
handpiece both mechanically and electrically. 

The electrode assembly 32 includes a central, active or tissue contact electrode 34 which 
is made of platinum. platinumTrndiom or platinumAungsten, and is constituted by a 
generally hemispherical exposed tip 34A and an integral central conductor 34B. The 
conductor 34B is electrically connected to a central copper conductor 34C by fastening 
a thin stainless steel spring 34D over the adjacent end portions of the condnctora 34B and 
34C, thereby providing an electrical connection between the handpiece of the instrument 
and the exposed tip 34A. A ceramic insulation sleeve 36 surrounds the conductor 34B. 
the spring 34D and the adjacent end portion of the copper conductor 34C. The sleeve 36 
has an exposed portion 36A which surrounds the distal end portion of the conductor 34B. 
A return electrode 38. which forms a disbd end portion of the shaft 30 providing a 
cylindrical fluid contact surface, closely surrounds U>e sleeve 36 and extends over the 
copper conductor 34C spaced from the latter by an insulation sleeve 40. An outer 
insulating heat shrink or polyimide coating 30S surrounds the shaft 30 and proximal 
portion of the mum electrode 38. 

When used in combination with an electrosurgical generator as shown in Figure 1 , the 
electrode unit of Figure 3 can be employed in a conductive fluid medium for tilsue 
removal by vaporisation, for sculpturing and contouring menisci during arthroscopic 
surgery, or for desiccation, depending on die manner in which the genetator is conttoUed. 
Figare4 ilhistrates how the generator can be controlled to take advantage of the hysteresis 
which exists between the desiccation and the vaporising modes of the electrode unit, 
•mus. assuming the electrode assembly 32 of the unit is immeised in a conductive rnedimn 
such as saUne. there is an initial load hnpedance V at point "O". die magnitude of which 
is defined by the geometry of the electrode assembly and the electrical conductivity of die 
fluidmednim. value of V changes when die active electtode 34 contacts tissue, the 
higherthe vahte of -r- die greater U the propeosiiy of dus electrode assemblv 31 to 
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the vaporisation mode. When RF power is appUed to the electnnic assembly 32 the fluid 
medium heats up. Assuming the fluid medium is noniial saline (0.9% w/v), the 
temperature coefficient of conductivity of the fluid medium is positive, so that the 
corresponding impedance coefficient is negative. Thus, as power is appUcd, the 

• 5 impedance iniUally falls and continues to fall with increasing dissipation power to point 

"B". at which point the saline in intimate contact with the electrode assembly 32 reaches 
its boiling point Small vapour bubWes form on the surface of the active tip 34A and the 
impedance then starts to rise. After point "B". as power dissipation is increased further, 
the positive power coefficient of impedance is dominant, so that incieasing power now 

10 brings about increasing impedance. 



As a vapour pocket forms from the vapour bubbles, there is an increase in the power 
density at the residual electrode/saline interface. There is. however, an exposed area of 
the active electrode tip 34A not covered by vapour bubbles, and this further stresses the 
15 interface, producing more vapour bubbles and thus even higher power density. This is a 

run-away condition, with an equilibrium point only occurring once the electrode is 
completely enveloped in vapour. For given set of variables, there is a power threshold 
before this new equilibrium can be reached (point "C"). 



20 



25 



30 



The region of the graiA between the points "B" and "C, therefore, represents the upper 
limit of the desiccation mode. Once in the v^risation equilibrium state, the impedance 
rapidly increases to around 1000 ohms, with the absolute value d^cnding on the system 
variables. The vapour pocket is then sustained by discharges across the vapour pocket 
between the active electrode tip 34A and the vapour/saline interface. The majority of 
power dissipation occurs within this pocket, with consequent heating of the tip 34 A. The 
amount of energy dissipation, and the size of the pocket, depends on the output voltogc. 
If this is too low, the pocket will not be sustained, and if it is too high the electrode 
assembly 32 will be destroyed. Thus, in order to prevent destruction of the electrode 
assembly 32, the power output of the generator must be reduced once the impedance has 
reached the point T>". It should be noted that, if the power is not reduced at this point, 
the poweiAimpedance curve will continue to climb and electrode destnicdon would occur. 
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The dotted line E indicates the power level above which electrode destnicUon is 
inevitable. As the power is reduced, the impedance falls until, at point "A", the vapour 
pocket collapses and the electrode asseinbly 32 reverts to the desiccation mode. At this 
point, power dissipation within the vapour pocket is insufficient to sustain it. so that dhect 
contact between the active electrode tip 34A and the saline is i^^tablished. and the 
impedance falls dramatically. The power density at the tip 34A also falls, so that the 
temperature of the saline falls below boiUng point. The electrode assembly 32 is then in 
a stable desiccation mode. 

Generator power control to achieve the required desiccation, tissue cutting and 
vjq)orisatioo functions is earned out by sensing the peak RF voltage iqipearing across the 
output connections of the generator and by rapidly leducmg die delivered output power 
whenever a preselected peak voltage threshold is reached. In a desiccation mode at least, 
this power reduction is significantly more than thai requited merely to bring tiie peak 
output voltage below the threshold. Preferably the power reduction is at least 50% to take 
advantage of the hysteresis characteristic described above with lefenmce to Figure 4. 

Referring to Figure 5. the generator comprises a radio frequency (RF) power oscillator 60 
having a pair of output connections 60C for coupling via output terminals 62 to the load 
impedance 64 represented by tiie electrode assembly when m use. Power is supplied to 
the osciUator 60 by a switched mode powca^ supply 66. 

In the preferred embodiment, the RF osciUator 60 operates at about 400 kHz. with any 
frequency from 300 kHz upwards into the HF range being feasible. TTie switched mode 
power supply typically operates at a frequency in the range of from 25 to 50 kHz. 
Coupled across die output connections 60C is a voltage tiueshold detector 68 having a 
Hfst output 18A coupled to the switched mode power supply 16 and a second output 18B 
coupled to an W time control circuit 70. A microprocessor eondoUer 72 coupled to the 
operator controls and display (shown in Figure I), is connected to acontiol input 66A of 
the power supply 66 for adjustingtiie generator output power by supply voltage variation 
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and to a ihrcshold-sei input 68C of the voltage threshold detcaor 68 for setting peak RF 
output voltage limits. 

In operation, the microprocessor controller 72 causes power to be applied to the switched 
mode power supply 66 when electrosuigical power is demanded by the surgeon operating 
an activation switch anrangement which may be provided on a handpiece or footswitch 
(see Figure 1). A constant output voluge threshold is set independently of the supply 
voltage via input 68C according to control settings on the front panel of the generator (see 
Figure 1). Typically, for desiccation or coagulation the threshold is set at a desiccation 
threshold value between 150 volts and 200 volts. When a cutting or vaporisation output 
is required, the threshold is set to a value in the range of ftom 250 or 300 volts to 600 
volts. These voltage values arc peak values. Their being peak values means that for 
desiccation at least it is preferable to have an output RF waveform of low crest factor to 
give maximum power before the voltage is clamped at the vahies given. Typically a crest 
1 5 factor of 1 .5 or less is achieved. 
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When the generator is first activated, the status of the control input 601 of the RF oscillator 
60 (which is connected to the "on" time control circuit 70) is "on", such that the power 
switching device which forms the oscillating etement of the osciUator 60 is switched on 
for a maximum conduction period during each oscillation cycle. Hie power delivered to 
the load 64 depends partly on the supply voltoge applied to the RF oscillator 60 from the 
switched mode power supply 66 and partly on the load impedance 64. If die supply 
voluge is sufficiently high, the temperature of the liquid medium suitounding the 
electrodes of the electrosnrgical instrument (or within a gaseous medhim. die temperatui* 
of Uquids contained within the tissue) may rise to such an extem that the liquid medium 
vaporises, leading to a rapid increase in load impedance and a consequent rapid increase 
in die applied output voltage across terminals 12. This is an undesirable state of affairs 
if a desiccation output is required. For this reason, the voltage threshold for a desiccation 
output is set to cause trigger signals to be sent to the W time control circuit 70 and to 
the switched mode power supply 66 when d« threshold is readied. TTie "on" time control 
circuit 70 has dte effect of virtually instantaneously reducing the "on" time of the RF 
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oscillator switching device. Simultaneously, the switched mode power supply is disabled 
so that the voltage supplied to oscillator 60 begins to fall. 

The output voltage of the generator is important to the mode of operation. In fact, the 
output modes are defined purely by output voltage, specifically the peak output voltage. 
Thfc absolute measure of ou^t voltage is only necessaor for multiple term control. 
However, a simple single term control (i.e. using one contiol variable) can be used in this 
generator in order to confine the output voltage to predetcimined Umit voltages. Thus, the 

voltage threshold detector 68 shown in FiguieScompaies the RF peak output voltage with 
a preset DC threshold level, and has a sufficiently fast response time to produce a reset 
pulse for the "on" time control circuit 70 wiUim one RF half cycle. 

Maximum absorbed power coincides wid. the electrode condition existing immediately 
before formation of vapour bubbles, since this coincides widi maximum power 
distribution and the greatest wetted electrode area. It is therefore desirable that the 
electrode remains in its wetted state for the maximum desiccation power. Use of voltage 
limit detecUon brings about a power reduction which allows the vapour bubbles to 
collapse which in turn increases the ability of the active electrode to absorb power. It is 
for this reason, that the generator includes a control loop having a large overshoot, in that 
the feedback stimulus of the peak voltage reaching the predefined dueshold causes a lai^e 
instantaneous reduction in power by causing a reduction in peak output voltage to a level 
significandy below the peak output voltage level set by the threshold detector 68. This 
control overshoot ensures a return to the lequiied wetted sute. 

I^urther deiaUs of the generator and its operation are described in our copending British 
Patent Application No. 9604770.9. the contents of which are incorporated in this 
specification by reference. 

In the light of the above, it will be apparent diat the electrode unit of Figure 3 can be used 
for desiccation by operating the unit in die region of the graph between the point "O" and 
a point in the region between die poinu "B" and "C-. In diis case, U»e electrode assembly 
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32 is inuoduced into a selected operation site with the active tip 34A adjacent to the tissue 
to be treated, and with the tissue and the active tip and the return electn^le immersed m 
the saline. The generator is then activated (and cyclically controlled as described above) 
to supply sufficient power to the electrode assembly 32 to maintain the saline adjacent to 
the active tip 34A at. or just below, its boiling point without creating a vapour pocket 
surrounding the active tip. TTie electrode assembly is manipulated to cause heating and 
desiccation of the tissue in a required region adjacent to the active tip 34A. The electitxle 
unit can be used for vaporisation in the region of the graph between the point "D" and the 
dotted line F which constitutes the level below which vaporisation is no longer stable. 
The upper part of this curve is used for ussue removal by vaporisation. In this mode, a 
light application of the instrument to the tissue to be treated enables sculpturing and 
contouring to be carried out. 



15 



20 



The electrode assembly 32 preferably has unitary electrodes with a return: active electrode 
surface area ratio in the range of from 5: 1 to 40: 1 (that is to say the ratio of the surface 
areas of the exposed portions of the two electrodes are in this range). 



Figure 6 illustrates the use of the electfode unit of Figure 3 for tissue removal by 
vaporisation, tiie electrode unit being inrmiersed in conductive fluid 78. Thus, die 
electrode unit creates a sufTidendy high energy density at ti»e active tip 34A to vaporise 
tissue 80. and to create a vapour pocket 82 sunouoding the active tip. The fonnaticm of 
the vapour pocket 82 creates about a 10-foId increase in contact impedance, with a 
consequent increase in output voltage. Arcs 84 are created in the v^xmr pocket 82 to 
complete the circuit to the return electrode 38. Tissue 80 which contacts the vapour 
25 pocket 82 will represent a path of least electrical resistance to complete the circuit The 

closer the tissue 80 comes to the active tip 34A. the more enei^y is concentrated to the 
tissue, to the extent that the cells explode as they are struck by the arcs 84. because tiie 
renirn path tiirough the connective fluid (saline in this case) is blocked by the high 
impedance barrier of the vapour pocket 82. The saline solution also acts to dissolve or 
30 disperse the solid products of vaporisation. 
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In use. the electrode assembly 32 is introduced into a selected operation site with the 
active electrode tip 34A adjacent the tissue to be vaporised, and with the tissue, the active 
tip and the return electrode 38 inunersed in the saline 78. TTie RF generator is activated 
to supply sufficient power (as described above with reference to Fig. 4) to the electrode 
assembly 32 to vaporise the saline and to maintain a vapour pocket surrounding the tissue 
contact electrode. When the electrode unit is used for sculpturing or contouring menisci 
during arthroscopic surgery, the electrode assembly 32 is applied with light pressure at the 
selected operation site, and is manipulated so that the part-spherical surface of the active 
tip 34A moves across the surface to be treated, smoothing away tissue, and in particular 
menisci, with a sculpturing or contouring action. 



Figure 7 illustrates the use of an electrode unit similar to that of Figure 3 used for tissue 
desiccation. Li the desiccation mode, output power is delivered to die elecoodcs in a first 
output range, so that current flows from the active electrode 34 to the letum electrode 38. 
1 5 As described above, the output power causes the saUne solution adjacent to the active 

electrode 34 to become heated, preferably to a point at or near the boiling point of tiie 
saline solution. This creates small vapour bubbles on tiie surface of the active electrode 
14 that increase the impedance about the active electrode 34. 



ITie body tissue 80 typically has lower impedance than the impedance of the combination 
of vapour bubbles and saUne sohition adjacent to the active decoode 34. When an active 
electrode 34 surrounded by small vapour bubbles and saUne solution is brought into 
contact witti tissue 80, the tissue 80 becomes part of Uie preferred electrical current patii. 
Accordingly, the preferred currmt path goes out of tiie active elecuode 34 at tiie point of 
tissue contact, tiirough the tissue sa and titen back to die renmi electrode 38 via die saUne 
solution, as shown in Figure 7 . 

The invention has particular application in desiccating tissue. For tissue desiccation, one 
preferred approach is to contact only part of die active electrode to die tissue, witfi die 
remainder of die active electrode remaining remote from die tissue and surrounded by 
saline sohition so that current can pass from die active to letura electrode, via the saline 
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achieve. 



Measures to overcome this difficulty will now be described with reference to Figure 8 
wh.ch shows an electrode unit comprising a shaft 30 constituted by a semi-flexible a,be 
made of stainless steel or phynox electroplated in copper or gold, with an electrode 
assembly 32 at a distal end thereof, n.e electrode assembly 32 incudes a central activ. 
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electrode 34 having an elongate exposed treatnient ponion 34A (which may be refencd 
to as a "needle" electrode), and an integral central conductor 34B. A cylindrical ceramic 
insulation sleeve 36 summnds the conductor 34B. and a return electrode 38 which is 
constimted by the distal end portion of the shaft 30. abuts a proximal end of the sleeve 36 
An outer insulating polyimide coating 40 surrounds the proximal portion of the shaft 
adjacent the return electrode 38. thereby providing the rerun, electrode with an annular 
fluid contact surface extendmg from the edge of the coatmg 40 to tfie insulation sleeve 36 
•n.e insulaUon sleeve 36 has a distal end face 36A of a diameter such that the step radius 
(..e. the distance between the circumferenUal edge of the end face 36A and the outside 
diameter of the active electrode 34) is at least I/20th of the length of the exposed active 
electrode treatmem portion 34a. TTie insulation sleeve 36 thus has a shoulder (or step) 
which is coaxial with the active electrode 34. In use, this step prevents local arcing which 
could otherwise occur at the proximal end of the exposed active electrode treatment 
portion 34A. rendering the distal end of the treatment portion 34A ineffective. 

To consider the operation of the electrode in more detail, when the electrode unit is 
operated in a tissue cutting or vaporising mode, a y^ur bubble is formed around the 
active electrode tn«ttment portion 34A. Hiis bubble is sustained by arcing within it TTie 
greatertheappliedvoltage.thegreatcrisd,esi2eoftf«bubble. ITe energy dissipau«i by 
each arc is impedance-limited by the remaining fluid in the conduction path and by the 
source impedance of the generator. However, an arc behaves as a negative impedance in 
that if the energy in the arc is sufftcienUy high, an ionised path of very low impedance is 

formed. This can lead to an unsuble condition of ever-decreasing ionised path impedance 
unless Ae impedance of the fluid between the bubble and the return electrode is snfTicient 
to act as a Ihmt on dissipated power. It is also possible for the vapour pocket around the 
active electrode treaoncnt portion to encroach the remm electrode, fa these 
circumstances, the arc energy is limited only by generator source impedance, but such 
power limitation is poor and cannot be adjusted according to electrode size. FOr these 
reasons, xht dimensions and configuration of the insulation sleeve 36 should be such as 
to define a minimum conduction path length of 1mm between the active electrode 
treatment portion 34A and the fluid contact surface of the renm, electrode 38 This 
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mimmum path length is. in the case of the embodhnem shown in Figure 8. the length a 
of the sleeve 36 plus the step radius c. as shown in Figure 8. 

A further consideraUon is the possibility of a vapour pocket forming only over part of the 
exposed treatment portion 34A of the active electrode 34. When the applied voltage and 
power are sufficiently high, a vapour pocket will form around the active decode exposed 
treatment portion. Preferably, the pocket is fomied unifonnly over the entire length of the 
treamient portion. In such a situation, the load impedance presented to the generator can 
change by as much as a factor of 20. However, when there are significant differences in 
the conduction path length between the return electrode fluid contact surface and diffenmt 
parts of the exposed active electrode treatment portion 34A. a voltage gradient is 
established over the length of each electmde. Preferably, the fluid contact surface is large 
enough and has an aspect ratio such that its length is at least as great as its diameter so as 
to minimise a voltage gradient over its surface. Nevertheless, with some Insulation sleeve 

and active electrode configurations, the voltage gr^ent can be suffidenUy large to e^^ 
vapour pocket formation only over that part of the exposed tream«nt portion closest to 
the fluid contact surface, leaving the exueme distal end of the exposed treatmem portion 
still in contact with theconductivefluid. Thus, the voltage gradient is established within 
the conductive fluid where the edge of die vapour pocket intersects the surface of the 
active electrtHie treatment portion 34A. The electrical behaviour of such a partially 
enveloped active electrode treatment portion is very different from that of a fuUy 
enveloped treatment portion. The impedance transition from die wetted state to the 
vapour enveloped state is far less marked than described above with referem* to Figure 
4. In tenns of controlling generator output by sensing peak voltage, the behaviour of the 
electrode assembly is no longer bistable. However, the power den«nd is considerably 
higher as a result of die vaporisation voltage presented across the low impedance wetted 

region of the active electrtidetnnument portion. TT,e clinical effect is not only die requited 
vaporisation, but also an undesirable thermal damaging effect resulting ftom the increased 

power dissipation. 



30 
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Partial enveloping of ,hc active electrode treatment portion can be largely avoided by 
ensuring that the ratio of the length of the conductive path between the furthermost point 
of the active electrode treatment portion and the length of the shortest conductive path 
between the active electrode treatment portion and the fluid contact surface is less than 
or equal to 2 : I. i.e. b/(a-w) s 2. 

In some circumstances, it may be found that theconductive path length between the active 
and ,«um electrodes is too long to allow vaporisation of the conductive fluid due to the 
consequent large series impedance represented by the fluid. Too large a voltage drop may 
result in a preset voltage threshold being reached before vaporisation can be achieved 
Preferably, then. ,he ratio of the greatest conduction path length to the annular peripheral 
length of the return electrode fluid contact surface is no more than 1.43: I. In the case 
of a cylindrical fluid contact surface which is coaxial with the active electiode. the ratio 
of the greatest conduction path lengA to the fluid contact surface diameter is less than or 
equal to 4.5 : 1. Thus, with reference to Figure 8. b/d s 4.5. 

The primary use of the electrode umt shown i„ Figure 8 is for cutting tissue, with at least 
part of the active electrode treatment portion 34A buried in the tissue to be treated and 
wiUi the generator operated in the vaporisation portion of the impedance/^wer 

characteristics shown in Kgure 4. 

Alternative active electrode configurations include formmg *e exposed treatinent portion 
34A as a hook, as shown in Figure 9. In this case, the insulation sleeve is conical, tapering 
from the fluid contact surface of the return electrode 38 to die distal end face 36A. 

A further alternative, shown in Figure 1 0 has an active electrode treatment portion 34a in 
the shape of a looped hook. 

In the embodiments of Figures 8, 9 and 10. it wUI be seen that tfie dimensions a. b. c d 
are such as to fall within tile ratio limits described above. Furtiiermore. in each case. Uie 
electrode assembly may be viewed as having a treatment axis 42. being the ax« -Jo„« 



03/03/^ 12:06 REEDFAX 914153253057 



NO. 254 P022/040 



WO 97y006<7 

PCT/GB96/D1473 

19 

Which the instrnmcm may be int«Kiuccd towards the tissue, the return electrode 38 being 
set back in the direction of the treatment axis from the active electrode 34A. For the 
purpose of comparing ,he different conduction path lengths between the mtum electrode 
a«d different parts of the acUve electrode treatment portion, paths in a common plane 
should be considered, the plane contaimng the treatment axis 42. In die case of d« views 
of Figures 8. 9 and 10. the illustrated path lengths are, of course, in the plane of the paper 
bcanng the views. 
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CLAIMS 



1. 



An electrosurgical instniment for the treatment of tissue in the presence of an 
electrically conductive fluid medium, comprising an instniment shaft and an 
electrode assembly at a distal end of the shaft, wherein the electrode assembly 
comprises: 

a single active electrode having an exposed tissue treatment portion, 
a return electrode having an exposed fluid contact surface, and 
an insulating member positioned between and electrically insulating the 
active electrode and the return electrode and s^g to space apart the exposed 
treatment portion of die active electrode and the exposed fluid contact portion of 
the return electrode, 

and wherein the dimensions and configuration ofthe exposed treatment ^ gl^ 

portion, the exposed fluid contact portion and the insulation member are such that ^ 
when the electrode assembly is immersed in a conductive fluid medhmi the ratio 
of (i) the lengdi of the shortest conduction path (P,) through the fluid medium 
between the e^ed fluid contact surface and that part ofthe exposed treatment 
portion which is fiirthest fiom the exposed fluid contart surfece, to Oi) the length 
ofthe shortest conductionpath(Pj) through the fluid medhan between the exposed 
fluid contact surfece and the exposed treatment portion, is less d»an or equal to 2 



to 1. 



25 



30 



An instrument according to claim 1, wherein the exposed treatment portion ofthe 
active electrode projects in a first direction fiom the insulation member, the fluid 
contact surface of the reoun electrode is set back fiom the active electrode 
treatment portion, and the insulating member surrounds tije active electrode and, 

between die active electrode exposed portion and the return dcdrode fluid contact 
surface, projects outwardly in a second direction perpendicuhff to die first 
direction to define an insulation banier to divert electrical current flow tiuough the 
fluid medium dtereby to increase said shortest conduction path lengdi (Pj) between 
the exposed fluid contact sur&ce and die exposed treannent portion. 
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3. An inirtrument according to claim 1, wherein the firet direction defines a treatoent 
axis and said two shortest conduction paths (P,. P,) lie in a common plane 
containing the treatment axis. 

4. An instnimem according to claim 1. wherein the length of said shortest conduction 
path (Pj) through the fluid medium between the exposed fluid contact surface and 
the exposed treatment portion is at least 1mm. 

5. An instniment according to claim 1 . wherein the exposed fluid contact surface is 
generally cylindrical and has a length and a diameter, the length of the fluid 
contact surface being at least as great as its diameter and wherein the ratio of (i) 
the shortest conduction path (P.) through the fluid medium between the fluid 
contact surface and that part of the exposed treatment portion which is furthest 
from the fluid contact suifece. to Cii) the fluid contact surfece diameter, is at most 

>5 4.5 to 1. 



An instrument according to claim 1 . wherein the ratio of (i) the iengOi of the 
shortest conduction path (P,) through the fluid medhmi between flie exposed fluid 
contact surfece and that part of the exposed treatment portion which is furthest 
from the exposed fluid contact surface, to (ii) the length of the shortest conduction 
path (Pj) through the fluid medium between the exposed fluid contact surface and 
the exposed treatment portion, is greater than or equal to 1 .25. 



10 



20 



25 



30 



An electrosurgical system according to claim 1, further comprismg an 
electrosurgical generator for supplying radio frequency power to the instrument, 
the generator including an output stage having at least a pair of electn>surgical 
output connections oonnectible respectively to the active electnxie and the return 
electrode of the instrumoit. a sensing circuit for deriving a sensing signal 
rei^esentative of the peak radio frequency output voltage developed between the 
output connections, and a power adjustment circuit for automaticaUy causing a 
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reduction in delivered output power when the sensing signal is indicative of a 
predetcimined peak radio frequency output voltage having been leachcd. 



A system according to claim 7, wherein the power adjustment circuit is operable 
to cause at least a 50% reduction in delivered output power when the sensing 
signal is indicative of said threshold having been reached, said reduction being 
effected with a period of lOO^s or less. 

A system according to claim 8. wherein the power adjustment circuit is operable 
to effect said reduction in a period of 20|ts or less. 

A system according to claim 7. wherein the output stage includes at least one radio 
frequency power device and wherein the control circuitiy is ainuiged such that 4e 
at least 50% reduction in output power is effected by reducmg the period of 
conduction of the device during individual cycles of radio frequency oscillation 
independently of the supply voltage to the device. 



11. 



20 



25 



A system according to claim 10, whereui the sensing circuit and the power 
adjustment dicuits are operable repeatedly to effect aiapid reduction in the cycle 

by QTcle conduction period of the power device from a pcaklevel to a tnw«h level 
followed by a less rapid progressive increase in die conduction pwiod until Ae 
conduction period again reaches its peak level, die rapid reduction and progressive 
increase sequence being repeated while simultaneously reducing die siqq>Iy 
voltage to said output stage until said peak conduction period level can be reached 
without the ou^ voltage exceeding said prectetemiined threshold. 



12. An electrosurgical instrument for die treatment of tissue m the fnesence of an 
electricaUy conductive fluid medium, comprising an mstrament body, an dongate 
instrument shaft and, at a distal end of the diaft, an electrode assembly, wherein 
the electrode assembly comprises 

a angle active electrode having an exposed tissue treatment portion, and 
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a return electrode having a fluid contact surface set back from the 
treatment portion of the active electrode and spaced from the trcatoient portion by 
an insulation member such that when the treatment portion is bought adjaccm a 
tissue surface immersed in the fluid medium the fluid contact surface is nonnaUy 
spaced from the tissue surface and the fluid medium completes a conduction path 
between the active electrode and the return electrode. 

13. An instrmnent according to claim 12, wherein the «mm electrode comprises a 
conducUve sleeve located around the insulation member behind the treatmem 
portion of the active electrode. 

1 4. An instrument according to claim 12. wherein the treatment portion of the active 
electrode is located at an cMreme distal end of the assembly ami the fluid contact 
surface of the return electrode is spaced proximally from the active electrode 
treatment portion, and wherein the exposed portion of the active electrode has 
length and a width, the length being greater than at least one half of the width. 



15. 



a 



20 



An instnmiem according to claim 14. wherein the longitudinal spacing of the 
active electrode exposed portion and the renim electrode fluid contact surface is 
at least Imm. 



16. 

25 

17. 

30 



An insnumcnt according to claim 15, wherein the ratio of (i) the longitudinal 
distance between the distal end of the active electrode exposed portion and the 
most distal part of the return electrode, to (ii) the shortest longitudinal distance 
between the active electrode exposed portion and the most distal part of the return 
electrode, is less than or equal to 2 to I. 

An insmimem according to daun 15 or clahn 16. wherein the return electrode has 
a fluid contact surfece encircling the insulation member and wherein the ratio of 
(i) the longitudinal distance between the distal end of die active electrode exposed 
portion and the distal edge of the fluid contact suifece of the return cleciiode to (iO 
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the Circumference of the fluid contact surface in the region of its distal edge is less 
than or equal to 1 .43 : 1. 



18. 



19. 



20 20. 



25 

21. 

30 



An instrument according to claim 12, wherein the instrument shaft comprises a 
metallic tube as its main structural element, and the return electrode is an 
integrally formed distal end portion of the tube. 

An electrosurgical instrument for the treatment of tissue in the presence of an 
electrically conductive fluid, comprising an instrument body, an elongate 
instrument shaft and. on a dista I end of the shaft, an electnxie assembly, wherein 
the electrode assembly comprises an exposed active electrode treatment interface 
and an exposed return electrode fluid interfece behind the treatment interface and 
spaced therefiom by a insulation member, the treatment interface projecting 
outwardly from the insulation member, wherein of the surface area of the fluid 
interface is greater Aan that of the treatment interfece. and wh«ein the treatment 
mterfece extends outwardly from the insulation member by a distance which is 
gieater than or equal to one half of its width in a direction perpendicular to the 
outward direction. 

An instruinent according to claim 19. wherein the shaft defiB«salongitudina^ 
the treatment interfece is a conductive axial projection the axial length of which 
.s greater than one half of its lateral width, the insulation member is a coaxial 
ceramic sleeve located proximally of the projection, and the fluid interface is a 
conductive outer sleeve surrounding the insulation member and spaced from the 
treatment interfece by an axial separation of at least 1mm. 

An instrument according to claim 19, wherein the treatment mterfece extends 
outwardly from the insulation member by a greater distance than its width in a 
direction perpendicular to the outward direction. 
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23. 



26. 



25 



An instniment according to claim 19. wherein the active electrode treatment 
interface compiises a conductive active electrode tip member the length of which 
is the outwaid direction is at least one half of its width, and wherein the insulation 
member has an end face adjacent the tip member, which face does not extend 
laterally beyond said tip member by more than one half of said tip member length. 

An electrosurgical instrument for the treatment of tissue in the presence of an 
electrically conductive fluid medium, the instniment comprising: 
an iristrument shaft, and 

an electrode assembly at a distal end of the shaft, the electrode assembly 
having a distal end and including an active electrode and a return electrode, with 
an exposed portion of the active electrode at the distal end of the electrode 
assembly and a fluid contact surface of the return electrode positioned proximally 
of the active electrode exposed portion, further including an insulating member 
positioned between and electricaUy insulating the active electrode and the return 
electrode, wherein the exposed portion of the active electrode has a length and a 
width, and the length of the active electrode exposed portion is greater than the 
width of the active electrode exposed portion. 

24. An instrament according to claim 23. wherein the exposed portion of the active 
electrode extends longitudinally from the distal end of the shaft 

25. An instnnnent according to claim 23. wherein the insulation member comprises 
a generally cylindrical sleeve and the return electrode is located on the outside of 
the sleeve longitudinally spaced from the exposed portion of the active electrode 
by a distance of at least 1mm. 



An instnnnent according to claim 25. wherein the insuUition member has an 
annular distal end face defming a shoulder, and the active electrode exposed 
portion is centrally located with respect to and projects fiom the insulation 
member end fece. the depdi of the shoulder in a direction laterally away from the 
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active eJecirode being between 0.05/ and 0.5/. where / is the length of the central 
active electrode exposed poition. 



27. 



An instrument according to claim 26. wherein the dimensions and configuration 
of the active electrode exposed portion, the return electrode fluid contact surfece 
and the insulation member are such diat when the electrode assembly is immersed 
in a conductive fluid medium the ratio of (i) the length of the shortest conduction 
path through the fluid medium between the return electrode fluid contact surface 
and that part of the active electrode exposed portion which is furthest from the 
fluid contact surface, to (ii) the length of the shortest conduction path through die 
fluid medium between the return electrode fluid contact surfece and the active 
electrode portion is less than or equal to 2 to 1 . 



IS 



20 



28. An instrument according to claim 27. wherein the length of the shortest 
conduction path through the fluid medium between the return electrode fluid 
contact surface and the active electrode exposed portion is at least 1mm. 



29. An instrument according to claim 27, wherein the return electrode fluid contact 
surface is annubr and has a length and a diameter, the length of the fluid contact 
surface being at least as great as its diameter, and wherein the ratio of (i) the 
shortest conduction padi through the fluid medium between the return electrode 
fluid conuu:t surfece and that part of the active electrode exposed portion which 
is furthest from the fluid contact surfece, to (ii) the fluid contact surface diameter 
is at most 4^ to 1. 

25 

30. An instrument accordmg to claim 24. wherein the insulation member comprises 
a generally conic member that tapers towards the distal end of tiie instrument. 



31. 

30 



A method of desiccating tissue using a bipolar electrode assembly, the assembly 
including an active electrode and a return eiectrode. the active electrode having an 
exposed treamient portion, and the remm electrode having an exposed fluid 
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contact surface spaced and set back from the exposed treatment portion, the 
method comprising the steps of: 

(a) introducing the electrode assembly into a selected operation site; 

(b) sunroimding the electrode assembly with a conductive fluid so that the 
conductive fluid defines an electrical path between the active and return 
electrodes; 

(c) applying sufficient radio frequency output power to the electrode 
assembly to increase the tempcnrturc of the conductive fluid adjacent the active 
electrode treatment portion without creating a vapour pocket surrounding the 
treatment portion; 

(d) contacting the treatment portion to tissue while mamtafning the return 
electrode fluid contact surface out of contact with the tissue. 

32, The method of claim 3 1 , wherein step (d) inchides maintaining a part of the 
^ ^ exposed treatment portion of the active electrode out of contact wilii the tissue. 

33. The method of claim 32, wherein step (d) includes the further step of: 

(e) moving the active electrode across a sur&ce of the tissue. 



10 



20 34. 



Hie method of claim 33, whoein step (e) includes moving the electrode axmss the 
tissue surface in a side-to-side motion. 



35. The method of claim 3 1, wherein step (c) includes maintaining the tempemtuce of 
the conductive fluid adjacent to the active electmdc trcatmem portion substantiaUy 

25 at the boiling point of the conductive fluid. 

36. The method of daim 31. wherein the conductive fluid comprises a saline solution. 



37. 

30 



The method of claim 31, wherein the conductive fluid comprises a compound 
sodium lactate solution. 
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A method of vaporising tissue using a bipolar electrode assembly, the bipolar 
electrode assembly including an active electrode and a return electrode, the active 
eleictrode having an exposed treatment portion, the method con^sing the steps 
of: 

(a) introducing the electrode assembly into a selected operation site; 

(b) surrounding the electrode assembly with a conductive fluid; 

(c) applying sufBcient radio fiequency output power to the electrode 
assembly to vaporise the conductive fluid adjacent the active electrode treatment 
portion to create a vapour pocket surrounding the treatment portion; 

(d) positioning the treatment portion of the active electrode adjacent the 
tissue with the vapour pocket in contact with the tissue while maintaining the 
return electrode out of contact with the tissue. 

The method of claim 38, wherein step (d) includes the further step of: 

(e) moving the active electrode treatment portion over a surface of the 

tissue. 



40. n,e mediod of claim 39, wherein step (e) mdudes moving the electrode over the 
tissue surface in a side-to-side motion. 

41. The method of daim 39. wherein step (c) includes moving the active electrode 
over the sxirfiace of die tissue to contour Ae tissue. 

42. Tbc method of claim 38. wherein the conductive fluid comprises a saline solution. 

43. The method of claim 38. wherein the conductive fluid comprises a compound 
sodium lactate solution. 

44. The method of claim 38, wherein the treatment portion of die active electrode is 
a distill end portion and tiie exposed fluid contact sur&ce of the return electrode 
is proximaUy spaced fiom the treatment poition. and wherein step (a> inehides 
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positjoning a part of the exposed treatment portion adjacent and fiom time to time 
in contact Avith the tissue. 
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